Competitive swimmers may gain a specific training effect as the result of long term exercise in the water. This study aimed to compare isometric, non-isokinetic and isokinetic muscle strengths in competitive swimmers and untrained persons. Twelve young male adults without exercise experience for over three years and twelve swimmers with over 10 years of competitive swimming experience performed various strength tests. Non-isokinetic tests were evaluated using one repetition of maximum half squat, vertical jump, and drop jump. Isometric and isokinetic (60 and 180 deg/s) muscle strengths were measured by both legs in knee extension and flexion. There were no significant differences between nonisokinetic and isometric muscle strengths of both groups. On the other hand, all isokinetic parameters in both angular velocities were significantly larger in competitive swimmers. There was significant laterality of isokinetic strength in untrained persons, but not in competitive swimmers. In addition, right and left differences of isokinetic strength tended to be smaller in competitive swimmers. In conclusion, competitive swimmers tended to be superior only in isokinetic strength, which is a similar muscle contraction in the water, and have less right and left differences.
INTRODUCTION
The exercise training effect depends largely on the training method, i.e., training region, muscle contraction property, and work load as indicated by the principle of specificity of training [1] . Competitive swimmers gain a specific training effect which differs from other athletes as the water training environment requires nearly isokinetic muscle contraction [2, 3] .
Muscle contraction on dry land is unlikely to be completely isotonic in all ranges of motion. In a narrow sense, the muscle tension in the latter output phase is allowed to be smaller based on the acceleration produced in the initial maximum output phase. However, in water, maximum muscle tension is also required in the latter output phase because the drag becomes loads in all ranges of motion [4] . That is, it is possible that competitive swimmers gain a training effect with superior muscle strength exertion during isokinetic contraction or in the latter range of motion as compared to other athletes on dry land or untrained persons. On the other hand, Taguchi [5] compared the eccentric and concentric muscle strengths of competitive swimmers and untrained persons and reported that the eccentric strength per body mass and eccentric/concentric strength ratio were inferior in swimmers. In addition, Tanaka and Swensen [6] pointed out that the incremental increases of muscle strength from traditional resistance training on dry land contributed little to the improvement of competitive swim performances and suggested that water training should be more swim-specific.
In short, previous studies [5] [6] [7] have examined eccentric and concentric muscle strengths of competitive swimmers and the influence of resistance training on dry land on swim performances. However they have not sufficiently studied the isokinetic muscle strength mainly used in water training.
Swimming is performed in either a supine or prone posture with a bilaterally-symmetric motion and is influenced by buoyancy. In other words, it is nearly unaffected by gravity and requires the same muscle exertion of both the right and left extremities [8] . On the other hand, most sports competitors on dry land in games involving balls mostly use the dominant extremities. In addition, behavior emphasizing the dominant extremity is performed frequently in daily living [9] . The laterality of muscle strength in competitive swimmers may be lower than that in other dry land athletes or untrained persons because they require the same muscle exertion in both the right and left extremities. However, this pro blem has not been thoroughly examined.
Some previous studies [5] [6] [7] hold a negative view of resistance training on dry land for swimmers because the muscle gains of swimmers differ from those of general competitors on dry land. If so, swimmer-specific resistance training protocols should be proposed. Moreover, most competitors using dominant extremities on dry land develop an imbalance of body alignment or injury [10] . If muscle output in swimmers' extremities remains balanced, swimming may play an important role in conditioning training to correct an alignment imbalance.
This study aimed to compare isometric, non-isokinetic and isokinetic muscle strengths of competitive swimmers and untrained persons.
METHODS

Participants
A group of 12 male competitive swimmers, experienced in competitive swimming 5 days a week for over a decade (mean ± SD, age: 20.0 ± 1.4 years, height: 172.8 ± 4.3 cm, body mass: 67.7 ± 6.6 kg) and a group of 12 male individuals who had not exercised for the past three years (mean ± SD, age: 23.0 ± 0.6 years, height: 171.9 ± 3.2 cm, body mass: 64.6 ± 6.4 kg) participated in this study. There were no significant differences of age, height, and body mass between both groups. Participants received an explanation of the aims and methods of this study and signed an informed consent form. This study was approved by our University Committee on Human Research.
Measurements Procedures of Muscle Strength Parameters
Muscle strength was evaluated from non-isokinetic (one repetition of maximum half squat (1 RM half SQ), vertical jump, and drop jump), isometric and isokinetic knee extension and flexion muscle strength. Isometric and isokinetic muscle strength were measured in both the dominant and non-dominant legs. The dominant leg was defined as the leg used to kick a ball.
Non-Isokinetic Muscle Strength
1) One repetition of maximum half squat (1 RM half SQ).
Regarding the non-isokinetic muscle strength, participants performed one repetition of maximum half squat (1 RM half SQ). A barbell was placed on a power rack at about 10 cm below the participants' shoulder height at the beginning of the test. The participants positioned themselves under the barbell, stood up, stepped a few steps back, squatted down (90 degree knee flexion) and stood up. Their feet position and grip width were self-selected. They placed the barbell on their upper trapezius muscle immediately below C7. They started the warm-up with sets of 1-5 repetitions with the bar only (20 kg). They then added weight of 20-40 kg in each set until the load became about 60% of the estimated 1 RM and then added 5-10 kg until the load was 90% of the estimated 1 RM. After completing these sets, the weight was increased by 2.5 or 5 kg each set until their 1 RM was determined. They were allowed to take as much rest as needed between sets to minimize the effects of fatigue.
2) Vertical Jump The distal vertical jump meter (Jump distal MD, TA-KEI, Japan) was used to measure the participant's vertical jump height. Participants performed two countermovement vertical jumps with arm-swing movements, and the higher value was used for statistical analysis.
3) Drop Jump The distal vertical jump meter (Jump distal MD, TA-KEI, Japan) was used to measure the participant's vertical jump height during the drop jump. Participants were asked to step off a 40 cm box and jump immediately after the landing, aiming to produce the maximum height while minimizing ground contact time. During this jump movement, their hands were kept on their hips. They performed the drop jump twice, and the higher value was used for statistical analysis.
Lsometric Muscle Strength
Isometric muscle maximum strength was measured at a knee angle of 1.309 rad (75 degree) using an isokinetic dynamometer (Cybex-325, Lumex, USA) at 0 deg･s -1 . The participants performed this movement twice, and the larger value was used for statistical analysis.
Lsokinetic Muscle Strength
An isokinetic dynamometer (Cybex-325, Lumex, USA) was used to measure isokinetic maximum strength. Peak torque during knee extension and flexion at two angular velocities, 60 deg･s -1 (five trials) and 180 deg･s -1 (thirty trials) was measured as described previously [11] . The largest value was adopted as the peak torque for each angular velocity. In addition, the sum of total work in 30 trials was measured at180 deg･s -1 .
Data Analysis
The mean differences of non-isokinetic muscle strength parameters between the two groups were revealed with the student's t-test. Two-way repeated measures ANOVA (groups [swimmers and untrained persons] × measures [dominant and non dominant leg]) were used to compare mean differences of isometric and isokinetic muscle strength parameters. A Tukey HSD post-hoc test was used to localize differences. In addition, the mean difference of abmodality between both legs was examined with the student's t-test. In all statistical analyses, the 0.05 level of significance was adopted.
RESULTS
There were no significant differences between nonisokinetic muscle strengths for swimmers and untrained individuals ( Table 1) .
For isometric knee extension and flexion, there were no significant differences (Figure 1) . On the other hand, for isokinetic knee extension peak torque, there were significant interactions in both angular velocities (60 deg ･s -1 : F 1,22 = 9.45, P = 0.01, 180 deg･s -1 : F 1,22 = 4.49, P = 0.05) (Figure 2 ). In addition, there were significant group effects in both angular velocities for isokinetic knee flexion peak torque (60 deg･s -1 : F 1,22 = 5.20, P = 0.03, 180 deg･s -1 : F 1,22 = 12.65, P = 0.00) and the sum of total work in both motions (Extension: F 1,22 = 7.98, P = 0.01, Flexion: F 1,22 = 4.40, P = 0.05) ( Table 2 ). The post-hoc test revealed that all isokinetic parameters were significantly larger in the swimmer group and that peak torques by the dominant leg for extension (60 and 180 deg/s) and flexion (60 deg/s) were larger in the untrained persons group.
For abmodality between both legs in isometric parameters, there were no significant differences between both groups. However, for isokinetic parameters, there were significant differences between both groups in extension peak torque at both angular velocities and in flexion total work ( Table 3 ).
DISCUSSION
Muscle cross-sectional area, neural adaptations, and the ratio of fast twitch fibers are the main determinants of maximum muscle strength and power [12] . Of them, the ratio of fast twitch fibers varies only slightly with acquired factors, such as training. Therefore, resistance training is conducted to improve other factors. Although the improvement of these physiological factors enhances strength performance, it is not always true that strength performance in all contraction types (isometric, isoki- netic, isotonic, and eccentric contractions) are enhanced to the same degree [13] . In addition, the improvement ofstrength performance based on cross-sectional area may deteriorate swim performances because they are determined by the relationship between the propulsion produced by strength performance and passive drag [14] . It is recognized that the characteristic body shape of top competitive swimmers (slight build) is different than that of dry land athletes [15] . Therefore, competitive swimmers are a specific group that performs little resistance training on dry land and trains mainly in water using isokinetic contraction.
The improvement of strength performances depends strongly on muscle contraction type, intensity, and contraction velocity during training as indicated by the principle of specificity of training. Isokinetic contraction is required for maximum muscle exertion throughout the range of movement because the velocity of limb movement is constant, and the resistance is equal to the exerted muscle forces [16] . It was reported that isokinetic training improves the isokinetic output, such as the peak torque and the total work [17] . On the other hand, the relationship between isometric and isotonic strengths is very high, but these strengths are relatively low when compared to isokinetic strength [18] . Aagaard et al. [19] suggested that intraindividual differences of various muscle contraction types may be affected by training history or physical activity.
In this study, there were no significant differences of non-isokinetic (1 RM half SQ, vertical jump, and drop jump) and isometric knee extension and flexion strengths between both groups. Vertical jump and drop jump relate not only to lower limb strength and power, but also to the stretch-shortening cycle (SSC). Taguchi [5] reported that eccentric/concentric strength ratio was inferior in competitive swimmers than in untrained persons and suggested that competitive swimmers were inferior in muscle output using the SSC. Swimming, which is low intensity compared to muscle contraction and has few eccentric contraction phases, uses little muscle output during the SSC [5] . Therefore, competitive swimmers are not considered to gain a training effect on SSC output.
However, all isokinetic strength parameters in both angular velocities were superior in competitive swimmers. This suggests that maximum strength (peak torque) and muscle endurance (the sum of total work) in isokinetic contraction may be improved by swimming. It is unlikely that the difference of isokinetic strength in both groups was caused by organic differences of muscle (muscle fiber composition, cross-sectional area) because there was no significant difference in isometric strength. It may be the result of the lack of isokinetic contraction in the daily activities of untrained persons.
Kovaleski et al. [20] reported that isokinetic training enhanced the peak torque of isokinetic muscle output in low, moderate, and high angular velocities, but the improvement of isotonic strength was more suitable in isotonic training than in isokinetic training. This means that the training method to improve muscle performances depends largely on the aimed contraction type. Tanaka and Swensen's report [6] supported the above findings. They found that resistance training on dry land for competitive swimmers and untrained swimmers did not contribute to the improvement of swimming performances, despite substantially increasing upper body strength. In addition, they also reported that combined swim and swim-specific "in-water" resistance training programs improved the swimming velocity up to 200 m in competitive swimmers. Moreover, Neufer et al. [21] reported that muscle strength was maintained after reducing training volume or lack of training in competitive swimmers for 4 weeks, but the ability to generate power during swimming significantly decreased by -13.6 %.
In short, competitive swimmers are considered to have improved isokinetic strength for swim performances rather than non-isokinetic and isometric strengths. However, from the present results, we can not infer that isokinetic strength training improves swimming performances. This issue should be examined in further studies.
We also compared the difference between dominant and non-dominant legs in isometric and isokinetic strengths. In untrained persons, isokinetic strength was significantly larger in the dominant leg than in the non-dominant leg. However, there was no significant difference in competitive swimmers. Previous studies [22, 23] reported that the laterality of leg strength was found not only in soccer players which use mostly the dominant leg but also in untrained persons. It should be noted that the laterality appeared only in isokinetic strength of untrained persons. Because they were not accustomed to isokinetic contraction, during which loads are imposed maximally in all ranges of motion, the difference of the operability of the dominant and nondominant legs may have appeared as a difference of force output.
Swimming performances do not place disproportionate emphasis on an extremity and require similar muscle exertion by both the right and left extremities. Therefore, there is no laterality of muscle strength. Rather, laterality of muscle strength may have a negative effect on swimming performances.
Also in the comparison of abmodality between right and left legs, competitive swimmers tended to decreased isokinetic muscle performances than untrained persons.
Fine right and left balance of muscle strength is the result of swimming training.
In conclusion, competitive swimmers are superior to untrained persons in isokinetic strength at 60 deg/s and 180 deg/s. There is a significant laterality of isokinetic strength in untrained persons but not in competitive swimmers. In addition, right and left differences of isokinetic strength tended to be smaller in competitive swimmers. These findings reflect the strength properties of competitive swimmers gained in training.
